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During the Presidential Administration of John F.
Kennedy, Secretary of Defense Bobert S. McNamara instituted
a major revision for management of defense resources. These
procedures were instituted as a revolution to the military
procurement system. Among the revisions he instituted were
the Planning, Programming and Budgeting System and a manage-
ment system for acquisition of new major systems.
The impact of these new procedures on the military was
to create an immediate need for extensive education of the
armed services' acquisition organizations. The personnel in
charge of ongoing system procurements, the project managers,
needed a means of being educated about the system. New
personnel tc the field of acquisition also had to have a
means of learning abcut the system.
In response to the services' need, in 1963 the Defense
Weapons Systems Management Center developed the Project
Management Simulation Exercise (PMSE) to aid in DOD-wide
training in project management. The exercise simulated
procurement of a missile system to aid the DOD-wide training
in PPES.
In the later 1960's, the Industrial College of the Armed
Forces (ICAF) obtained the simulation and revised it into
the Defense Management Simulation (DMS) . DMS was installed
at the Naval Postgraduate School in 1971.
The exercise currently has international application. It
is used ty Israel, Sweden and Singapore to train their




Agencies within the U. S. government currently using CMS
or related products for training exercises include:
• Industrial College of the Armed Forces
• Naval Postgraduate School
• 0. S. Air Force Academy
It is this wide acceptance which has maintained DMS as an
active management training exercise.
B. SCENABIC
The exercise developed by DWSMC in 1963 consisted of a
time-sequenced set of decision points in the life cycle of a
missile system acquisition (see Figure 1. 1) . The decision
points (DPs) simulate the equivalent functions of these
major milestones in the system life cycle- Within a
prescribed time period each team of students participating
in the exercise reviews the information materials for the
specific decision point and submits its decision for recom-
mended action at that point in the game, as would be dore in
actuality. The objective is to optimize the cost effective-
ness for procurement, production and development of the
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The team recommendations require monitor evaluation.
Monitors review the student recommended performance reli-
abilities, costs, incentives, contractor selection
processes, milestone dates and fees. They prepare materials
for teams to interact with as they would with the Secretary
of Defense and with the contractor. An extensive study of
the materials from each team is required by the monitor.
In order for the monitors to not spend as much tine on
the simulation as the students, the monitors need aid in
processing the team data. ICAF developed an Fortran program
called Contract Negotiation Package (CNP) to assist the
monitor in the evaluation of student team contract
negotiations.
The DMS program is more than twenty years old. The
program has experienced several modifications and offshcots.
Its 1960 f s programning state-of-the-art remains mostly
intact. Ey 1984 standards of ease of operation and user-
friendliness, it is difficult to utilize.
Efforts to modify the program occurred in 1972 and in
1977. The first attempt to upgrade the DMS program in 1S72
modified several internal algorithms and produced an
offshcot program which provided fewer but more rapid
results. In 1977 this version of the program, the Contract
Negotiation Package, was again revised. This later revision
provided predictions of achieved values to the student
teams.
Team access to the program's simulated results grew cut
of the modernization cf management processes. Managers are
using the benefits cf modern computer systems to improve
their own performance. Student team use of the CNP program
for the EMS exercise was a logical evolution. CNP use by the
teams enables the DMS exercise to reach the level of current
15

project management technological support in computer-aided
acquisition management techniques. The program also regains
abreast through student and monitor interest in maintaining
the program at the computer support state-of-the-art.
The CNP program available on the I3M-3033 in the H. R.
Church Computer Center at the Naval Postgraduate School
campus is discussed further in Chapter 2. Its disclays
reveal CNP*s batch program origins. The data input and
output formats are batch processing type fields. The lack of
interactive capability typifies a program which is batch
processed. In its batch processing use, the computer did not
have terminals or users with which to interact. Originally
CNP had no hardware capable of directly interacting with the
users and its design developed accordingly.
Modern menu-driven designs have made user-friendly
programming standard practice. As a viable training exercise
for acquisition management, the DMS game continues to be
valuable. In order to maintain its wide acceptance and
expand its efficient utilization, a major revision to the
program is needed.
The following chapters discuss a package of programs
designed to give CNP an improved interactive program
capability.
D. SOHMABY
The DMS training program incorporates an exercise which
simulates a project management scenario. DMS is a
successful training device which has been in use for 20
years. In support of DMS, the Fortran computer program CNP
was developed to provide computer-aided assistance for
monitor evaluation of team performance. Later, CNP was
released to the student teams in a format which provides
them with simulated performance data. It enables team
16

interactioc with the computer. In so interacting, the team
gains experience using the computer as an analysis tcoi and
to perform sensitivity analysis ("what if questions") on
major project performance and incentive parameters. As a
result of CNP's age, its design did not permit adeguate
interactive capability for easy operation. In order to
resolve the need for greater user-friendliness in CNF, this
thesis develops, studies and reports on a CNP program revi-





Proficient use of the Contract Negotiation Program (CNP)
depends upon the user's familiarity with both the computer
facilities and with the instructions in Appendix A. The
"Defense Management Simulation Instructions for Using CNP"
presents computer terminal display lines as seen during a
terminal session. In following sequentially through the
instructions, difficulties are apparent with the program
roth in user-friendliness and in design- Appendix A demon-
strates a session in CNP, and pertains to the following
discussion of that program.
The procedures for accessing CNP require the operator to
link to the monitor's class disk, then to access the disk,
and finally to execute CNP. Accessing the program in this
manner normally requires at least a conceptual knowledge of
computer command and response terminology. In the event of
an accessing malfunction, or if the monitor is using the CNP
program's class disk and prevents read-only execution of the
disk files, the user may be confronted with unfamiliar
terminology. He would need more than a casual knowledge of
computer operation tc proceed into CNP.
The first function performed by CNP is to input adminis-
trative data. Included in the administrative data are the
team numter, the decision point (DP) , and the DP pages for
which data are to he entered. Complications with the
program quickly arise with these procedures. The data must
be input in the exact format prescribed on the instruction
sheet. Too many digits, or too many spaces in the data
result in erroneous output, and/or error statements. Each
18

page's data string requires confirmation. This becomes
laborious in repeated runs of the program, or repeated
executions of the calculations for a Summary Table, Table I.
Frequently explanation is required for the procedure of
binary coded response to the query for pages of data to be
entered. Coding the page selection for data input can be
confusing. Each of the four pages requiring input data must
he indicated by M'(cb) or •O'foff) in the four digit code
string. Indicating the page number in Arabic characters
would be a more commonly expected procedure. Again, an
error in entry is irrevocable. The change pages cannct be
rescinded once the binary code has been entered.
Having completed the administrative inputs, the team
proceeds with providing its proposed DP data. Prior to
running CNP, team participants are to have used the DMS
Decision Point handouts ( see Appendix 3 ) to determine and
analyze their tentative DP positions. These results are
listed as data lines in the DMS Decision Point Sheets,
(Appendix B) . Each character in the page's data lines
requires precise replication when placed in the page data
string input to CNP. The program types the page's data back
onto the screen and asks for confirmation. Through
relooping to the query for pages of input, the program does
allow revision of data. However, each data item to be
changed reguires an entire page change. The team is
confronted with reentering the data string each time. This
procedure has proven to be tedious. It frequently results
in teams redoing data strings several time's to get them
correct before a calculation of achieved values can be made.
Successive loops through the program have the added check
feature cf receiving a four line printout of the page data
for confirmation. The redundant queries for confirmation of
data values have benefit in reducing erroneous data calcula-
tions, (see Table II ).
19

Eased on the author's experience, about one out of four
occasions through the four line recap of data pages, Tatle
II , the team finds an error.
TABLE I
Development Contract Values Summary
DP -3 *** DEVELOPMENT CONTRACT SUMMARY *** TEAM 1
INCENTIVE PROVISIONS INCENTIVE
ACHIEVEMENTS
INCENTIVE WCEST BEST MAX FEE ACHIEVED
AREA VALUE VALUE ALLOWED VALUE
DEV. COST $ 53. OM $ 47. OM 4.0% $ 48. 5M $
FII 1ST COMPL 228 WK 202 HK 3.5% 199 WK $
REIIA2ILITY 75.0% 81.0% 3.5% 30.0% $
ACCURACY 160YDS 140 YDS 4.0% 143 YDS $
TOTALS 15.0% $
TOTAL CONTRACT PRICE = $ 54. 9M
The Development Ccntract Summary Table, Table I , neatly
displays the decision point incentive input data as the
'Incentive Provisions'. Cnly five calculated values are
displayed to the team. They are the achieved values for
development cost, flight test completion date, reliability,
accuracy, and total ccntract price. Also, displayed on the
Summary Table is the computed total of fee percentages cbli-
gated. The total fees allocated must be 15%. Allocaticn of
fees to other than 15% results in a warning on the Suimary
Table. The significance of the Development Contract Summary



















4.00 238.00 202.00 3. 50 81.00
Compared with the original CN? design, there are missing
values from the Sumaary Table. It does not print out ten
additional calculated values: the fee percentages achieved,
their fee cost, and the totals of fees earned and of fees
cost. These values were suppressed from the original
program table due to their computation by incorrect algo-
rithms. They * re suppression is evidenced by the dollar
signs at the right of the Summary Table.
To reloop through the input of data and receive another
estimate of the achieved values, the team answers an unes-
sential guery. This guestion has no application to the
teams. The "CCSTS + EACTORS { NO)" guery provides monitor
access to the tables of design performance factors achieved
and test costs in the form of unit change cost factors. Ihe
team's ncCN') response to, or an incorrect response to,
this guery reloops the program to the top of the main
routine. Again, each guestion: decision point, team,
pages, data, yes or no, and confirm must be answered.
It is extremely difficult to exit from the program if
the team attempts tc stop at any point before the reloop
guery. At the guery "DO YOU WISH TO CONTINUE, Y FOE YES, N
21

FOR NC", the program provides its only graceful exit. Any
ether attempts to exit the program mast be accomplished by
dumping (stepping) the program. Inputs that do net match
the data types required for data read-statement formats
result in error statements, and with sufficient error occur-
rence count the program will dump.
B. BENEFITS
The benefits for team utilization of CNP are in its
ability to provide £cme semblance of the achieved values
which the main DMS batch program, provides. In so dcing,
the team uses the computer as a tool with which to view the
sensitivity of its incentivization parameters. It can eval-
uate effects of varying available DMS critical incentive
parameters: development cost, flight test completion date,
reliability, accuracy and development contract price. This
aspect of analysis simulates the real world potential for
computers to expedite the computations and as a tool in
these assessments. It further provides an environment in
which team participation and success depends on under-
standing the system acquisition concepts that DMS illus-
trates. In order to expeditiously vary the parameters
within the computer the team must have competent knowledge
of these DMS concepts.
CNP's best feature appears in its structure. It closely
follows the procedures in the DMS Decision Point Handouts, i
From its inception as an offshoot of the main CMS program,
it has inherently followed the decision point sequence and
structure of DMS.
Defenseindust ria l College of the Arae Force s, ens
ManageleST SXlulaTXcn "ParticIpSnt *s TIanuaTT" Industrial
College cf the Armed Forces
22

The wide acceptance of CNP at many institutions can be
found in the attributes it brought to DMS. In meeting the
objectives of providing a program with the ability to
quickly reloop through computations, and the ability to be
operated frcm a terminal, the program fulfills a major need
in performing certain sensitivity analyses over the DMS
program. Once accessed, the program can be rerun innumer-
able times without completely reinputting all the data. The
data inputs can he accomplished from a terminal. Computer
support for DMS on computer terminals has made DMS acces-
sible to more users without adding expense. It has enabled
many students to simultaneously utilize DMS as a tool in
acquisition management training.
C. DEFICIENCIES
Areas which need improvement in CN? focus on user-
friendliness. The first of these is the inability to grace-
fully exit from the program. Some means must be available
to permit the team to stop the program. Currently the
program can only be stopped by expending time to finish the
session or by generating sufficient syntax errors to force
the ccmputer to dump the program. In some cases, sessions
have been in sufficient difficulty that the program would
not reach the query "DO Y00 WISH TO CONTINUE...". For this
situation the team is forced to generate error counts which
will dump the program. These situations have been exceed-
ingly frustrating for the program users.
A means to change data entries without redoing entire
pages is needed- The team must completely redo a DP page in
order to change one data item. Changing one item should
only require reentering one value. Additionally, data
strings from one decision point to another are not readily
duplicated for input. Similar strings of data for pages on
23

DP-3 and DP-4 do not have the same field format. Matching
field formats for identical pages in different DP's would
enhance the ability cf teams to input data strings.
CNP receives all of the input data but cannot retain it
retween sessions. Ihe team starts from a baseline cf no
data each time CNP is called. Most significant of the
changes needed to modernize CNP is the creation of a data-
base file to retain team data from session to session, A
foundation data base of the initial paged input could
provide a means of replicating session results, of docu-
menting data inputs, and of proceeding to successive DP
levels without laboriously reentering previously studied
data.
Excessive recurrences of calculating the Summary Talle
could be eliminated to save team time in the program.
Preventing runs which produce Summary Tables without correct
incentive fee percentage totals would reduce wasted program
run time. Utilizing data that does not meet the DMS parame-
ters calculates erroneous values, and may provide Summary
Tables which mislead the team. Repeatedly running calcula-
tions to evaluate wide ranges of parameter values without
conducting proper preliminary analyses not only detracts
from the timeliness of the DMS studies, it defeats the
purpose cf DMS training teams to understand the concepts of
project management. Teams have occasionally found greater
ease in working through the program and produce a Summary
Table in order to reach the "DO YOU WISH TO CONTINUE...?"
guery as an expedient to reloop through or exit from the
program. This process detracts from the educational benefit
and timeliness of DMS.
As part of the training simulation, monitors spend many
hours in analyzing the progress of the teams and the posi-
tions for contract negotiation. Analysis done by each team




CNP provides cue additional table for monitors.
COST+FACTORS, Table III
,
provides the monitor with the cost
for a unit increase in a system test category as well as
with the design factors achieved.
TABLE III
COST FACTORS
CCSIS OF TESTS PER UNIT (IN THOUSANDS OF DOLLARS)
CUAIIFICATION T ESTS
MOTOF : 32. 034
AIR FRAME : 1 26. 355
GUIDANCE : 309. 906
FIRE CONTROL : 938. 186
LAUNCHER : 424. 555
FLIGHT TESTS ; 316. 855
DESIGN FACTORS ACHISVED
COMPONENT TABLE ROW
MOTOR : 1 25
AIR FRAME : 2 15
GUIDANCE A : 5 22
GUIDANCE 3 : 6 25







LAUNCHER : 0.936 0.988
IHO001A PAUSE ; PRESS <<ENTER» TO CONTINUE.
progress. The monitor must also create positions from which
to interact with the teams as the contractor. Within the
COST+FACTORS Table, some aid exists for the monitor.
However, his understanding of the impact of unit-cost on the
contract requires additional analysis time over what the
teams spend on incentives analysis. In general, because of
limited time the monitor has to spend analyzing each team*s
25

proposals compared vith the amount of time put in fcy the
team, ccupled with the inconvenience in making repeated CNP
runs, most monitors produce an actual DMS table printout
corresponding to each team's proposed decision in order to
provide more detailed and accurate information for use
during contract negotiations. It would be better for CNP to
provide the information in a more usable format than to
produce the lengthy and time consuming main exercise reports
of the DMS.
E. SOMMABY
The difficulties encountered in CN? detract from its
usefulness. Time spent fighting the program problems are
excessive compared to the hours available for productive CMS
analysis. In an effort to correct these time-sinks in CNP,






The task in creating PROJMNG FORTRAN as a revision to
CNP was first to retain the same functional structure rela-
tionship with DMS. This goal has been accomplished by
incorporating the CNP subroutines into a larger program.
The expansion has occurred by the added Fortran code for the
human-factors engineered subroutines, and new sensitivity
analysis features- The human-factors designs provide addi-
tional user friendliness to PROJMNG. The program calcula-
tions continue to center around the original CNP program
routines. Many of the achieved value parameters and
performance calculations are accomplished using the same
Fortran code as used by CNP. CNP is encompassed in PROJMNG.
Other tasks for PROJMNG FORTRAN were to correct as many
of the discrepancies in CNP as possible, to provide an
enhanced user-friendly training device and to improve the
analysis capability available to the monitor.
In modernizing CNP, the criticisms specified in Chapter
















This chapter discusses the features of PROJMNG used to
support team analysis of the exercise. The monitor capabili-
ties are discussed in Chapter 4.
1 . Programs
PROJMNG consists of more files (executable programs)
than does CNP. There are four routines utilized in
executing PROJMNG FCETRAN. In addition to the FRCJMNG
FORTRAN file, the package includes LINKPROJ EXEC (Appendix
C) , PRCJMNG EXEC (Appendix E) , and the PROJMNG disk's
PROFIIE EXEC (Appendix E) which are discussed in detail
throughout this thesis.
PROJMNG FORTRAN is designed to function alcne
provided team files exist and have been defined for PRCJMNG
FORTRAN as files 9 and 10: "FI1EDEF 09 DISK DATAFILE lEAMxx"
and "FIIEDEF 10 DISK DATACODE TEAMxx". It can be used
without the exec routines but at a lower level of perform-
ance. PROJMNG can be executed through the routine PRCJMNG
EXEC.
PROJMNG FORTRAN and PROJMNG EXEC are designed to
reside en a publicly accessible disk. In this manner
multiple teams can use the program simultaneously. Their
database files will be on this one disk where they are
conveniently accessible for the program and the monitors.
PROJMNG is read from this disk by the team's user disk and
executed frcm the team's disk.
PROJMNG both reads and writes onto its data files.
The IEM-3033 public, "all", link access is read-only (R/O)
and prevents writing onto the disk. The PROJMNG disk is
only read capable when linked to for the exercise. However,
the disk linking to PROJMNG can be written onto by the
program. A team disk linking to PROJMNG acts as the write
disk fcr the program.
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The ability for teams to write directly onto the
PROJMNG disk would te unsatisfactory- This access to the
program would permit two detrimental effects. The program
might I be either altered or destroyed by overly curious
students entering the files, and team files might also be
altered or destroyed. Inadvertent alteration of the files
is prevented by student a.ccess being limited to read only.
2- Cat a files
There are four files of data tables that were
created for CNP. These tables contain the resource parame-
ters to generate achieved values for the program calcula-
tions. These data tables remain in files FT17F001,
FT18F001, FT19F001, and FT20F001 as in CNP. No contract
simulation calculations can be accomplished without them.
Ihe program will dump when it requires a table be read and
does not find it. PFCJMNG will also stop if the tables are
not in the required format.
Preformatted database files must be available when
the STORE and read routines are called by PROJMNG. Whenever
it attempts to write or read these data files and does not
find them, the program will dump (stop) . Two of the
remaining files are these database files. One is the FILE
CATAFILE which is preformatted for the DftS data. It serves
as a dunncy file which can be copied to initiate the team's
database, BATAFILE TEAMxx. The other file, FILE CATACODE,
serves as a similar dummy file in the creation of the team's
security file, DATACCCE TEAMxx.
CATACODE stores the team security code, the security
code count for attempts to breech the code, and the USERID
of the last team which used the file. Its data enables the
program to use routines to check the team and validate the
team identity through the security code.
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If formatted files for the team are not available on
the PROJMNG disk or the team disk, the dummy files are
copied onto the team disk. PROJMNG EXEC reproduces the two
dummy files on the team disk in the names DATAFILE TEAMxx
and DATACODE TEAMxx. They are used interactively by PRCJMNG
during the game sessions. The PROJMNG Instructions
(Appendix F) discuss the DATABASE and DATACODE file genera-
tion en the team's disk.
When the team finishes its session and exits from
PROJMNG fOETRAN, the last copy of the data which was stored
ty the program remains on the team's disk. As the computer
execution finishes the routine PEOJMNG EXEC, these two files
are transmitted to the PROJMNG disk.
3. IIHK
IINKPROJ establishes the link between the team's
disk and the PRCJMNG disk. It requires PROJMNG EXEC in
order to run the program.
Ihe routine LINKPRCJ is a CMS executive level
program which utiliz€S the link feature to establish the
connection ret ween the team's disk and the disk on which
PROJMNG resides. It begins the recording of the team's
session, "RECORD ON". This first step in LINKPROJ provides
a record of the session for review in the event PROJMNG dees
not perform as desired. Once the link has been established,
the routine sets the function of the programmable function
key 9 (PF9) to enable release of the link. This feature
enables the team to release the link after a session has
been aborted and the program stopped without completing the
LINKPROJ EXEC. -The team would have to abort a session
should PRCJMNG be stuck in a continuous loop.- PF9 will not




Team members should be aware of the IBM-3G33 capa-
bility to te dumped (stopped) out of CMS by executing
«ALT>> and <<PA1>> simultaneously. Executing <<PA1>>
aborts the program without completing LINKPROJ. The
pressing of these two keys on the IBM 3278 terminals will
place the virtual system into the CP level of operator
interaction. The team can reaccess its "A" disk by executing
the command "I CMS" and pressing «£NTER>>; wait for the
display to read "VM HEAD" and again press <<ENTER>>. The
disk will again be in CMS and existing links will remain
intact. In order to release the link to PROJMNG press the
«ALI>> and «PF9>> simultaneously.
LINKPROJ breaks the link. It releases the PRCJMNG
disk (0276P). Once the disk is released if no users are
accessed to it, the EROJMNG disk can be logged onto in the
read/write mode to enable files to be written onto it.
When LINKPROJ sends the special message to PBCJMNG's
disk, "£MSG QACNT KIINE" it tells the computer to automati-
cally log (autolcg) cnto the disk. The disk is activated
in the read/write mcde only if no other user is on the
PROJMNG disk. Ihe files which the team sent are copied by
the disk's EROFILE EXEC.
LINKPROJ alsc terminates the recording of the
session, "RECORD OFF".
4. PROJMNG EXE C
a. Initiate Files
PROJMNG EXEC performs the checks of available
files. It determines if a formatted data file and a
security file are available for the team. If it detects the
monitor unique file, DATAINST DISKNUM, it initiates the
monitor flag to tell EROJMNG FORTRAN the user is a monitor.
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PROJMNG EXEC checks first for the monitor's
file, determines if the user is a team or a monitor. If the
user is a team, it checks for the team files on the PROJMNG
disk and uses them if available. If these files are not
found, it will check the team disk for the files and use
them. If the files are not found at all, the progran copies
the dummy files and generates the team label and files.
b. Terminating the Session
If the user is a monitor, PROJMNG EXEC queries
him for whether he desires a concatenated listing of all of
the team files. If he does, it spools a file with all team
data files on it. It then completes its execution and
returns operation to 1INKPH0J.
For team operation, when the computer leaves
PROJMNG EGRTRAN control, execution returns to PROJMNG EXEC.
In order to complete the session, PROJMNG EXEC has been
designed to transmit the data files to the PROJMNG disk.
Ihis feature is acccuplish ed by spooling the disk, "SPOOL
PONCE CONT CL X 0276P". The punch file created is sent to
userid 0276? as a class x file. PROJMNG EXEC punches the
data files onto the spool, "PUNCH DATAFILE TEAMxx", and
closes the spool, "SPOOL PUNCH CLOSE NOCONT". The file is
gueued in the reader file of the PROJMNG disk (0276P)
.
5. PROFILE EXEC
Shen LINKPROJ sends the automatic log-on message to
the PECJKNG disk, if no other user is on the PROJMNG disk,
the disk is activated in the read/write mode. Ihe main
computer executes the disk's profile routine. PROFILE EXEC
is performed whenever the disk is accessed in the write
capable irode. This exec has been uniguely tailored for this
PROJMNG specific disk (see Appendix E ) . It reads up to six
class x files gueued to the disk. First the PROFILE EXEC
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sets the disk reader file to look for class x, "SPOOL RCH CL
X", and then reads the files, "READ *". The program has
been designed to reset the reader spool to spool any class.
Opon completion cf writing files onto the disk, the command
"SPOOL RER CL *" returns normal spooling capability
The PROFILE read function would nominally expect to
find a set of files, DATAFILE TEAMxx and DATACODE TEAMxx.
The read limit was expanded frcm two files to six, fcr three
pairs, in expectation that there will be occasions when the
disk will remain in use by other teams. When other teams are
still using the disk the autolog will be unable to perform
its one shot access to the disk. SMSG will not remain queued
to access the disk. In order to read those class x files
that may have been left waiting, subsequent running cf the
PROFILE EXEC will read in several more files than those
transmitted in the current PROJMNG session. The exec will
read up to three additional pairs.
The benefit in using the class x spooling capability
is the cue which this class gives. It tells the disk that
the file is a PROJMNG file. Normal spooling usage within the
IBM 3033 does not use x. 'X 1 has a uniqueness within the IBM
system and will reduce the possibility of PROJMNG EXEC
reading non-PROJMNG files.
The files are not read onto the PROJMNG disk while
ether users remain or the disk. Attempts to write onto the
disk in this situation result in garbling the data files.
C. BATAEASE SECURITY
The first query the team answers in PROJMNG is to
provide the team number.
The second question asks for the team to create a team
security code. The team may enter any code of up to eight
characters. If the eiaht characters are all zeros or
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contain nothing (nulls) the program will again ask the team
to change the code. PROJMNG begins succeeding sessions by
asking the team to match the security code stored in data
base, the team's security code. i
The security code system gives the team access tc its
database while assuring that data has not been altered by
anyone except the team or the monitor. This has benefits to
the team and to the simulation. The team doesn't have to
worry about data being changed accidently and the monitor
has less concern that the team's work might be compromised.
The security code is also used for proposal submission. Due
to its length and improbability of being entered correctly
by mistake, the security code performs the function of
assuring the monitor of the team's intent to submit the
proposal as indicated.
The monitor can change the database to correct errors in
the team files. Corrections may become necessary if the
team submits a report and then wants to change it. The
proposed and final data reports for a DP are not accessible
by the team. Lack of access to submitted reports increases
team commitment to the report. It also, provides the
monitor with a fixed team position reference point. This is
critical if the monitor is to create a contractor position
by which tc interact with the team.
The submission of reports and their purpose are
discussed in greater detail later in this chapter.
J3. E2IT
In PECJOG several methods of stopping the program have been
provided. These are:






1 • £§£.§1 E r ro r s
The computer capability to stop the program when a
programmed statement cannot be performed (executed) is
referred to as a fatal error. PROJMNG has selectively modi-
fied the fatal error response.
The program termination in response to a null entry
(pressing the <<ENTEB>> key without providing a character
including the character blank • ' ) was unsatisfactory.
Inadvertent null responses repeatedly dumped users cut of
the program.
To resolve the fatal error dump (stopping the
program) , a GIOBAI routine (program which can be called
from the IBM 3033* s resident routine files) is called. Ihe
CALL ERRSET* enables the program to ignore fatal errors and
proceed with the program. When PROJMNG finds an error
during the process of reading information from the terminal,
it performs a jump to the statement specified as the error
default by the READ statement. Very serious errors in
syntax will continue to be dumped by the computer.
Failure to answer PROJMNG's questions satisfactorily
will cause it to relcop to either the same question cr to
call out the EXITS routine. If an error is serious enough,
the EXITS routine will be called. EXITS allows termination
of the program, or if the team wants to continue, EXITS will
return to the top of the last query routine and allow the
program to reloop. Correct entry of the security code will
give the team access to the main program and existing data




Euring the start of a session at the terminal, the
user will be queried for his previously entered security
code. The program will permit the user to answer the
security code query incorrectly only five tines during the
course cf a DMS exercise. At occurrences of incorrect
security code entries, a count is kept. On the fifth occa-
sion when the code is entered incorrectly, the counter will
tell the program to stop. Successive attempts to enter a
team file whose security file counter has reached five will
terminate at the security code query.
3 - Menu
A standard option in the main menu of PRCJMNG is
EXIT. Selecting the EXIT option directs the program to
stop. Again, this operation returns computer execution to
the PBCJ8NG EXEC program. Completion of the PEOJMNG EXEC
run will return control to the LINKPROJ routine which pres-
ents the query for another run.
4. YES/NO Query
Each query in PEOJMNG which can be answered with a I
for YES or N for NC, can also be answered with an E for
EXIT. This E response either calls the program subroutine
EXITS or stops the program. EXITS gracefully stops the
program by permitting either return of the computer's opera-
tion to PRCJMNG EXEC or by relooping into the last query
routine.
5- Set urn to PRCJMNG EXEC
The termination of PEOJMNG FORTBAN returns the
computer execution to PEOJMNG EXEC. This routine executes a




1 * Ins tructions
The procedures used with PROJMNG FORTRAN are signif-
icantly different frcm CNP. Appendix F contains the PBCJMNG
Student Instructions. These instructions replicate the
program's screen displays- Appendix F demonstrates a
session using PRCJMNG. Checks and corrective procedures in
PROJMNG render the making of errors more difficult.
However, some examples are demonstrated in the PRCJMNG
Student Instruction's tutorial.
2 • lis*
The instructions ask the team to access PRCJMNG
solely by executing the command LINKPROJ. This command runs
the program LINKPROJ EXEC. LINKPROJ EXEC is a routine which
creates the disk link and accesses PROJMNG as the user's 'C
disk, as discussed above. This exec must be placed on the
team disk. From there it is able to link and access
PROJMNG 's disk for the team.
Among the capabilities of LINKPROJ are the defini-
tion of programmable key PF9. This function can be executed
by pressing «ALT>> and «PF9>> simultaneously.
LINKPROJ also executes a pair of calls to the macro
computer program routine "RECORD". The first of this pair
enables the recording of all session terminal activity. The
latter executes after the session has been completed; it
terminates the record of the session. Teams should be aware
that if the program dumps or they exit the program without
performing the "RECCED OFF", the record will continue in
effect. It can be closed by inputting the command "RECCRD
OFF". Termination cf the record permits the team to either
name and save the session's record on disk, to edit it, to
print it, to quit it ("Q") which places it on the disk
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spool, cr to purge tie record. Addition of this capability
permits review of teai session- Undetected difficulties or
errors that result in program malfunction can be reviewed.
In order to facilitate rerunning of LINKPRCJ, the
routine does query whether the team wishes to run "ANOTHER
RUN, Y/N". This feature is one which LINKPROJ holds in
common with the other programs in the PROJMNG package of
routines. PROJMNG is designed to allow the team tc termi-
nate or reloop through program execution.
The running of PROJMNG FORTRAN does not occur from
LINKPRCJ. LINKPROJ runs limited functions already speci-
fied, and calls the EROJMNG disk's program PROJMNG EXEC.
3. PROJMNG EXEC Execution
PROJMNG EXEC serves several functions in preparing
the team disk for the session.
a. Team Disk Status
The PROJMNG EXEC routine provides several
gueries to the team disk. Through the response error return
codes it receives indication of the availability cf team
data base riles and security code files. The purposes
accomplished by this procedure are:
C) • ZLl£ Availability * The error return codes
tell ERCJMNG EXEC w tether there are files available for use.
Neither EROJMNG EXEC nor PRCJMNG FORTRAN can proceed withcut
files frcm which data can be read or to which data can be
written.
(2) . File Integrity. Having found a usable
DATAFILE en the team disk, PRCJMNG EXEC attempts to read the
contents. It looks specifically for the team number. The
team number cues PRCJMNG EXEC not only as to what the team
should be called, it also reveals the prior use of the




In a similar manner, PHOJMNG EXEC determines the
availability and validity of the monitor file "DATAINST
DISKNUM". The presence of data in the file and the security
field format within EATAINST DISKNUM tells PROJMNG if the
disk gaining access to it belongs to a monitor. Disks
belonging tc monitors are not intended to be the disk which
students access to run PROJMNG.
c. DATAFILE Creation
PROJMNG EXEC determines the team disk status.
If DATAFILE and EATACCDE files are not found, PROJMNG EXEC
proceeds tc determine the team number. It will ask "WHAT IS
YOUR TEA* NUMBER?" before it copies the files. After the
team number is evaluated for being in the range of 1 to 20,
the program generates the "TEAMxx" label. It will accept 1
to 20 with any number of preceding O's. The TEAMxx label
will include up to fcur numbers in the xx field. This label
is used in the process of copying the dummy files. PRCJMNG
copies the dummy files using the labels DATAFILE TEAMxx and
EATACCDE TEAMxx as tie new file name and file type.
In the event that more than 20 team files are
required, PROJMNG will accept team file labels with addi-
tional leading zeroes. Teams with files labeled TEAM01 and
IEAM001 can both be created.
The availability of the DATAFILES also gives
EEOJMNG EXEC the team number. Lack of DATAFILES is synony-
mous with no team number. The team number is determined
cnly once during the course of the gameplay. It is PRCJMNG
EXEC that makes that guery. It forms the team number into
the "xx" portion of the files' type labels. PROJMNG stacks
the team number intc its virtual reader to enable PRCJMNG
FORTRAN to copy the team number. PROJMNG FORTRAN uses the
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team number to label displays and, when storing the data-
base, flaces the number at the head of the record. It is
this storing process and filling in of the first DATAFILE
field which later enables PRCJMNG EXEC to find the team
number without additional queries.
4. gunning FROJMNG
PRCJMNG EXEC completes determining if the disk
belongs to a team or monitor, gets the team number or sets
the monitor's flag of team number 21 (FL21) , insures the
availability of write files or creates them, and then loads
and starts FROJMNG FORTRAN' s text file. The team database
capability has been set for 20 teams. The data file for
monitors was chosen in excess of the team database design
size of 20. Having chosen TEAM21 to be the monitor's file
label, it was convenient to utilize the label TEAM21 as a
flag between PROJMNG EXEC and FROJMNG FORTRAN. It indicates
to FRCJKNG FORTRAN that the computer operator for the
session has been determined by PROJMNG EXEC to be a monitor.
Opon termination of PROJMNG FORTRAN, PROJMNG EXEC again
takes control. If the operator is a monitor, the EXEC
allows tie monitor to request the creation of a concatenated
file of all current team files on the PROJMNG disk. For
team disks, the exec sends a copy of the files DATAFILE and
EATACCDE to the master disk. This file transmission enables
the monitor to determine team progress and to accept the DP
decision reports. PRCJMNG erases unnecessary residual files
such as the LOAD MAE and then returns execution control to
IINKFBCJ to perform the "ANOTHER RUN, Z/N?" query. The
team's response to this question will either terminate the




After data files have teen created, PRCJMNG uses the
EATAFILEs as a baseline of team information- Once the file
is created the program assumes the data is accurate and
satisfactory for use in all subsequent sessions. All
further Selection Menu displays will display the EMS data
items as they are currently found in the team's file
DATAFILE TEAMxx.
At the beginning of the team's first session all of
their data items must be submitted. A database is generated
from which successive sessions will ootain their baseline cf
information. The process of asking for all data items
occurs through the program's subroutine PAGEIN.
The pages of the EMS decision sheets, Appendix E, list
the data entries necessary for CNP. These same entries are
queried once in P5CJMNG by PAGEIN as demonstrated in
Appendix F. Each Fage of data queried coincides with the
page and the data item of the decision sheets. Available
parameter ranges are listed with the item name in PAGEIN.
Correct completion of a page of data permits the program to
check the data input for errors. If the program does not
understand the input, or requires revision, a
*****WARNING***** is displayed and questions designed to
correct the discrepancy are asked. If the data entered
cannot be read by PECJMNG the EXIT query "DO YOU WISH TO
CONTINUE: Y/N?" will occur. Teams experiencing confusion,
or wishing to exit the program during PAGEIN, can do so by
pressing <<ENTER» without any input. During PAGEIN this
action will enable the team to use the exit query to stop
the program.
The automatic call to the PAGEIN routine occurs only
when the DATAFILE contains O's in all of the data base data
fields. Successive sessions in PROJMNG by a team utilize
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the database DATAFILE to fulfil the data field input func-
tion. PAGEIN can be called at any time from the Selection
Menu. This option permits the team to make mass changes to
data items.
Once the program has a set of data it will produce a
table containing those values, Table IV. The SELECTION MENU
gives a review cf the current data values and acts as a
selection menu for items the team wishes to change.
SELECTION MENU presentation is achieved by either completion
of PAGEIN, ty beginning a subsequent session, by completion
of a DP proposal submission, or by team choice from the MAIN
MENU.
DC YCU WISH TO:
1. RECEIVE THE TAEIE OF ACHIEVED VALUES.
*****WARNING*****AFTER THE TENTH DP- 3 RUN
AN AEDITIONAL DEVELOPMENT COST OF 5100,000
WILL EE INCURRED FOR EACH ADDITIONAL RUN.
THIS IS RUN 1 CF YOUR DP- 3.
2. INPUT SELECTION MENU.
3. SUEMIT A CONTRACT PROPOSAL
4. EXIT
Figure 3. 1 MAIN MENU.
MENU
Continuing sequentially through an initial terminal
session with PROJMNG, the next feature which differentiates
this program from CNP is the MAIN MENU, Figure 3.1. From
this routine in the main program, any of the options
performed by PRCJMNG for the team can be executed. This
menu places the PROJMNG FORTRAN program in the category of
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The options available in the MAIN MENU are to print the
table of achieved values, to return to the database table,
to submit a proposal, or to exit.
The achieved values option directs the program to
execute the routines associated with creating the
Development Contract Summary table, Table V- First the data
entries for fee percentages are checked. The fee percent-
ages are added together and evaluated to determine if they
total 15%. If they do not equal 15%, PROJMNG FORTRAN
requests corrections through a sequence which displays each
current fee percentage value and asks for a value to be
submitted. The program performs the computations for the
table created in subroutine EROSUM. Then the table is
displayed. Each time the computations are made the run is
counted. After ten runs, the program adds a fee of $100,000
onto the contract price for each subsequent run at that DP
level.
The second option returns the display of the data table.
It provides the team with the table, Selection Menu, of data
items which are used for reference in changing data values.
The third capability from the MAIN MENU is proposal
submission. Submission of proposals is discussed in the
next section.
To enable the team to stop the program, the fourth
option in MAIN MEND allows them to exit.
H. BEPCBI SUBMISSION
1 - Pro gress Rep.crts
Submission of progress reports has been readily
accomplished in PROJMNG EXEC. The process of completing
PROJMNG EXEC when leaving PROJMNG FORTRAN serves to execute
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in sutscction 3.B. 4.2. The process of data file transmis-
sion to the PROJMNG disk provides those files for access by
the monitor. In the monitor's session, all team data files
which have been sent to the PRCJMNG disk are copied onto the
monitor's personal disk for read/write use. This feature
was also discussed in 3.B.5. and is covered in greater
detail in Chapter 4 with the discussion of monitor
functions.
2- Decision Submission
Submission of the team's decision occurs with the
transmittal of the team files to the PROJMNG disk. Within
the data fields transmitted, there is a label field which
contains the status of the team's work on a given decision
point. This field is either blank, "00000000", "PROPOSED"
or "FINAI". These labels are sequentially exclusive. They
specify the exact status for the DP level of the set of
database fields in which they are contained. Each DP level
has four lines of data in the DATAFILE TEAMxx. The DP
status label is the last field of data in a set of lines.
The DP field labels are assigned in the FINISH
subroutine. By accepting the values in the table of
proposed values for the contract proposal, Proposed Values
Table (Table VI) , or of proposed final values as the final
approved contract, Final Contract Values Table (Table VII)
,
the team causes the label to be written. These labels occur
only when the team enters its security code to validate the
proposed values. Completion of the value assignments to the
database for transmittal appears with the table of accepted
values, Table VIII .
The label is written as the last field in each of DP
level database records. These labels can be seen in the 33rd
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Ose of the security code in this feature was
designed for 'human factor' engineering. The conscious
process of entering the team's security code indicates the
user's deliberate entry of the data. Inadvertent acceptance
of the database for the team's position cannot occur.
The team does retain the responsibility for reading
and understanding the data displayed in the table of data,
Table VII.
The process of the team submitting a final contract
proposal provides the program with the position agreed to
during contract negotiations. Submission of the final
report indicates to the program that tne team has completed
a DP level. PROJMNG assumes the team is ready to proceed to
the next DP level, for example DP-4. It utilizes the
previous DP level data entries from the submitted final
report and prepares the new DP data table. The team is
sequenced to the next higher level whenever a final proposal
is detected for a given DP level.
I. CALCULATION CORRECTION
As discussed in Chapter 2 several of the computations
which were designed for CNP to accomplish were not satisfac-
tory. Consequently tteir display was suppressed.
In PEOJMNG these calculations have been reformulated.
Their algorithm is based on the linear extrapolation of a
fee over the range of its alloted parameter values. The
contract cost for the fee incentive is calculated by:
1. Assume achieving optimum performance results in total
fee payment.
2. Assume achieving the worst performance expected
results in no fee payment.
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3. Determine the ratio of satisfactory achievement; the
difference between the achieved value and the worst
value expected divided by the range of value between
wcrst and optimum values expected.
4. Multiply the ratio determined by the maximum fee
percentage offered for the incentive.
5. Multiply the resulting percentage by the target
development ccst, the average value of the maximum
and ninimum desired development cost.
The following equation is used in PROJMNG to determine
fee ratio.
FEEBATIO=FEEHAX*(ais (WORST-ACHIEVED))/ (RANGE) <egn 3.1)
This formulation for fee costs has proven tc be mere
satisfactory than that of CNP.
The difficulty in CN? arises from numerical manipula-
tion. Parameters in CNP frequently have their power-cf-ten
changed to permit calculations at different resource multi-
ples. This is particularly true in the case of achieved
development cost. Frequent multiplication by 1,000,000 with
division by 1,000,000 to return the dollar values to
millions cf dollars incurs computer roundoff. The roundoff
errors when repeated several times become sufficiently large
to be apparent in the ratio calculations.
PROJMNG does not use the numbers which the computer used
in computing achieved value resources to determine the fee
values. Its numbers are taken directly from the database
array, and are only mathematically manipulated by this cne




PROJMNG is not able to eliminate computer roundoff
error, but the roundoff effect has been significantly
reduced.
J. SUflMSBY
PROJMNG's design has its foundation in CNP's routines which
were designed around EMS. It uses this foundation from CMP,
and develops an extended program. The program extension uses
the current IBM-3033 facilities to drive user-directed
options in a manner which provides the team control over
program execution for completion of the DMS exercise. These
features for team use of PROJMNG make PROJMNG easier to use
in analy2ing team positions. Chapter 4 discusses the anal-




IY. P5CJMNG MONITOR OPERATION
I
A. CBP MONITOR UNIQUE FUNCTIONS
CNP has one routine capable of providing support tc the
monitor for his evaluations of the scenario progress. This
singular routine is net available to the teams. The monitor
can access the COST + FACTORS Table, Table X as discussed in
the previous chapter. Access to the monitor routine occurs
by the computer operator^ response to the guery for "CCST
FACTORS ?". This response is coded to provide security of
the COST + FACTORS table from team access. In order to
preserve its integrity, the security code will not be given
or demonstrated here. Correct security code responses to
both the first "COSI + FACTORS ?" and a second guery of
"COST FACTORS ?" are necessary. The first response is a
three character code word. The second guery response is
based on a data field used in the computations which has
already teen entered for the session. It constitutes a
variable security code.
In CKP, an additional monitor capability is provided
through the confirmation guery, "CONFIRM ?", at the DP
number verification sequence, "IS THIS DP NUMBER **
xx;"Y"=YES OR "N"=NC ?" . Response to this guery with a
fixed single letter, places the operator in the "INSTRUCTOR"
mode. Analysis cf the program's Fortran code indicates that
the INSTRUCTOR mode simply suppresses the queries for
confirmation and the repeat back display of input data.
Answering the statements "IS THIS DP NUMBER ** xx;"Y"=YZS OR
"N"=NC ?" with a "T" reduces the displayed gueries. It
eliminates the repeated displays of "RECEIVED : xxxxx;







































The loss of page data repeat back and confirmaticn, and
the format of Table X have not been appealing to users of
the program. The "T" letter code system was not human
factor engineered- Loss of the data item confirmation
sequence increases the occasions when inaccurate results are
received in the Development Contract Summary Table. Users
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have net found benefit in these options. Additional experi-
ence with CN? is necessary to use these features success-
fully- Consequently, use of the "T" feature has cot been
used- The COST + FACTORS table has been found to te less
than adeguate.
B. PBCJSNG HONITOB UNIQUE FUNCTIONS
In PE0JMN3 a variety of options are available for the
monitor. They include:
1- Monitor Unique Security System
2. Query Suppression for the Monitor
3. Mcnitor»s MAIN MENU




8. Copies of Student Files
This chapter will review the intended capability and
operation of these monitor unigue functions.
C- MONITOR UNIQUE SECURITY SYSTEM
The PHCJMNG EXEC routine looks through the computer
operator's disk for a file titled "DATAINST DISKNOM".
Having located this file, the computer assumes that the
operator is a monitor, and proceeds to validate the monitor
identity. The program contains three file checks to deter-
mine if the operator is a monitor. Unsuccessful completion
of the first two checks will cause the computer tc ignore




The first of these checks is the file format. The file
first line must contain the userid. The second line must
contain a monitor specified security code. This monitor
security code is queried in the same manner in which the
team security code is queried for a team disk.
The third verification is a check of the stored monitor
security code against the individual's ability to reproduce
that code. A code match allows the program to proceed.
Failure to accurately match the code causes the program to
stop. FROJMNG EXEC takes control to finish its execution.
The user can reaccess PROJMNG FORTRAN in his response to
"ANCTEER RUN, • Y '/ ' N • ?«.
D. QUERY SOPPRESSION FOR THE MONITOR
Successfully accessing the program as a monitor
suppresses the student's Main Menu, discussed in chapter 3.
Consequently, the monitor does not receive the student's
Main Menu after each alteration of the Selection Menu.
Eased on the assumption that the computer operator is a
monitor the program immediately follows the Selection Menu
with the Development Contract Summary, Table XI.
Table XI demonstrates the display sequence for the
Selection Menu with the execution of option "0". The moni-
tor's response to the Selection Menu with a zero causes the
immediate execution of the achieved value calculations.
Cther selections from this table are performed similarly to
those dece for the team. The changes entered by the monitor
in this first mode will not be stored in the database by the
program. In monitor mode 1 , the call to the routine STORE
does not occur. Only the array of data in the disk's buffer
will be altered. The monitor sees the computer response to
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E. MONITOR'S MAIN MENU
The PRCJMNG monitor's MAIN MENU contains options to
allow the monitor access to any of the routines in the
program. It has a unique feature in its flexible < length.
This feature provides menu listings to the monitor which are
determined ty his status in the program. If the monitor has
just entered PROJMNG or has changed the team number, and has
not completed the computations for other display values, the
program will suppress those options from the menu display.
Options which reguire calculations or selections which have
not been processed for the team are assumed to present
results which are either not applicable or misleading.
MAIN MENU:
1. CHANGE TEAM NUMBER
2. TEE DP SELECTION QUERY
3. THE INPUT SELECTION MENU
4. RERUN THE DATA CALCULATION
5. DC A SENSITIVITY ANALYSIS
6. PRINTOUT COST+FACTORS
7. EXIT
Figure 4.1 Monitor's Main Menu.
Figure 4.1, demonstrates the basic monitor's Main Menu.
1 - Change T ea m Number
Option 1 when selected will return the monitor to
the program's team input routine (TEAMIN) . The execution of
this routine begins ty displaying a menu, Figure 4.2. The
selections en this menu are:
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SEIIC1 WHICH INSTEUCTOR MODE YOU DESIRE.
1. RUN TEAM SCENARIOS WHICH ARE ON THE MONITOR'S DISK.
2. CHANGE TEAM FIIES.
THIS MODE WILL ALTER THE STUDENT'S FILES.
3. RUN THE MONITOR'S IEA M EILE 'TEAM2V.
4. EXIT
Figure 4.2 Monitor Mode Menu.
a. Run Team Scenarios from the PROJMNG Disk
Selecting this choice enables the monitor tc run
evaluations and displays of the teams whose DATAFILEs have
teen written on the EEOJMNG disk. PROJMNG has at this point
already written these files to the individual monitor's disk
for use. As the monitor selects a team to review, the
program determines if the team file exists. If the file
exists, the monitor may proceed with the evaluation. If no
files exist for the team reguested, PROJMNG responds with
'FILES DC NCT EXIST FCR TEA Mxx
'
, and proceeds to ask for a
different team number, 'WHAT TEAM NUMBER ?' , until a team
number is submitted for which files are present.
This option selects a mode of operation in which
team data files are not changed by the monitor. The menus
displayed are only those associated with the monitor's
options. The Monitor's Main Menus are flexible menus. The
discussion of this flexibility and of the basic menu will be
provided in the following sections of this chapter. These
differences are demonstrated by the two monitor menu




1- CHANGE TEAM NUMBER
2. THE DP SELECTION QUERY
3. THE INPUT SELECTION MENU
4. RERUN THE DATA CALCULATION
5. DO A SENSITIVITY ANALYSIS
6. PRINTOUT COST+FACTORS
7. EXIT
Figure 4.3 MAIN MENU in Mode 1.
MAIN MENU:
1. CHANGE TEAM NUMBER
2. THE IP SELECTION QUERY
3. THE INPUT SELECTION MENU
4. RERUN THE DATA CALCULATION
5. DO A SENSITIVITY ANALYSIS
6. ERINICUT COST+FACTORS
7. FILE TEAM PROPOSAL
8. EXIT
Figure 4,4 MAIN MENU in Mode 2.
b. Change Team Files
Option 2 has an entirely different affect on the
database. Again, the files accessed are those previously in
existence. The aonitcr receives a different version of the
MAIN MENU, The added option in this menu, "7. FILE TEAM
PROPOSAL" permits the monitor to change the DP report level
for any cf the team's DPs irregardless of the team's current
level.
The monitor can perform all of the functions he
could in mode 1 plus changing the report level and placing
these selections in the team database. This mode should ocly
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te used to correct team errors. Team database manipulation
for any ether reason will lead to team confusion.
The guery which finalizes the replacement of the
team database, "SHOULD TH2 BEWSITTEN TEAM xx FILE EE SENT TO
THE FECJMNG disk: Y/N ?". Unless this query is answered in
the affirmative, the mode 2 capability to overwrite the team
file is not performed.
Answering yes to the query to rewrite the team
file directs PROJMNG through a routine which performs three
calls to the subroutine FRTCMS which permits CMS executive
level commands to be executed from within a Fortran program.
The three cemmands in this routine are the same as the spool
commands in PROJMNG EXEC which send the file DATAFI1E TEAMxx
to the PBOJMNG disk. The disk punch fiie is spooled as a
class x file. The DATAFILE TEAMxx is punched into the spocl.
Finally the spool is closed and sent to the PROJMNG disk.
The program does allow the DATAFILEs on the
monitor's personal disk to be rewritten whenever mode 2
operation is selected. Transmission of these files tc the
master PEOJMNG disk can be accomplished after respondirg in
the negative to the query "SHOULD THE REWRITTEN TEAM xx FILE
EE SENT TO THE PROJMNG disk: Y/N ?". Sending these files to
the master disk must be a deliberate act of the monitor.
The monitor may either use one of the macro routines in
general usage on the IBM- 3033 for sending files between
users, "SENE". Or, he may spool the files for immediate read
by the PECJMNG file using the following sequence of steps.
{ The lower case characters in the following command demon-
stration are optional inputs. )
1. "SEocl PUNch CCNT CLass X 0276P"
2. "FDNch DATAFIIE TEAM (XX)", where xx is the two digit
team number.
3. "SPocl PUNch CLOSE NOCCNT"
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In mode 1 or mode 2 operation, only the
Development Contract Summary table resembles the same
display for the teams.
c. Run the monitor's team file "TEAM21"
The third cpticn provides a team file for the
monitor. TEAM21 is the monitor's own team file to simulate
the team interaction with the program. This provides a
scratch fad file for the monitor's use.
d. EXIT
Option 4 from the monitor's Main Menu stops the
program. Entering a *4' in response to this menu directs the
program tc stop. PROJMG N EXEC resumes control of the
computer processing.
2. The DP Selection Query
Number 2 on the monitor's mode menu reloops the
program to the DP guery for which DP the monitor desires to
evaluate. This query will rot prevent the monitor from
accessing DE levels for which the teams have not submitted
files. Zhe level which the team has completed is displayed
on the Selection Menu, with the DP query, and on the
proposed report table. This information should be known by
the monitor based on the progress of the DMS scenario.
3- IkfL Input Selection Menu
Again, the menu routine simply reloops the program
execution to a previously executed question to permit the
monitor to change his mode of analysis. In this case he
returns to the team Selection Menu. The last team and DP
inputs entered during the monitor's session will apply to
the team database which is displayed.
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Charges to a team's list of data in the program
tuffer which have been entered during a session remain
applicable until the team number is changed. Any variations
to the Selection Menu which have been selected for the team
currently being evaluated will be in effect. In mode one, a
team's data will revert to the PROJMNG disk's team datafile
values when changing team numbers. Mode 2 will keep the
changed values until the PROJMNG disk values are reccpied
down cnto the monitor's disk.
U . Rerun the Data Calc ulation
This option causes PROJMNG to redo the achieved
value calculations. The display for this selection is a
repeat of the Development Cost Summary.
5 . to a Sensitiv it y Analysi s
This option creates a major option for exploration
by the monitor. It is discussed as part of the seguential
demonstration of the monitor functions which fellows in
Section I below.
6 • Pri nto ut Cost Factor s
Similar to the capability for COST + FACTORS demon-
strated by CNP, PRCJMNG has an equivalent feature for the
monitor. Table XII shows the improved layout of the data.
The table has the benefit over CNP's version by not
requiring a separate code to access it. The table is simply
accessed as a menu selection from the monitor's Main Menu.
7
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CCSTS OF TESTS PEE UNIT (IN THOUSA
QUALIFICATION TESTS
MOTOR : 3 2.0 34
AIR FRAME : 126.355
GUIDANCE : 309.906
FIRE CONTROL : 93 8. 186
LAUNCHER : 424.555




























8- Fle xib le Menu
The options presented in this section are the rasic
capabilities of PROJMNG. However, additional capatilities
become possible as the evaluation progresses. With the
completion of the sensitivity analysis additional tables and
graphs are within the capability of PROJMNG. These flexible
menu capabilities are explained and demonstrated in Section
I of this chapter.
F. HCNIIOR SESSION PROCEDURES
The remainder of the discussion on menus will be
presented sequentially in the following sections. Their
relative position in the textual sequence corresponds to




These sequential steps of PROJMNG are demonstrated as
the program would be operated. The material in this demon-
stration is preliminary to the preparation of an instruc-
tors manual. .The sections are:
1. Initialization
2. Basic routines of the Main Menu
3. Sensitivity analysis
4. Logoff unique routines
G. I1ITIAIIZATI0N
1. PRCJMNG EXEC Operation
The monitor's access to the PROJMNG package of
programs is also accomplished by LINKPROJ. The determination
that the disk accessing PROJMNG is a monitor is made, as
discussed in Chapter 3. Having completed the checks of the
monitor's file DATAINST DISKNOM, the PROJMNG EXEC program
conducts a check of files for a DATAFI1E TEAM21. This file
must te present on the monitor's disk if he is going to use
it in PSCJMNG. PECJMNG EXEC either finds the file or
creates cne in order to have the file ready for PRCJMNG
FORTRAN'S read and write instructions.
2. Ava ila ble Files
Ihe lack of presence of the files which PROJMNG EXEC
looks for is an automatic function of the IBM-3033. This
capability was retained to display to the monitor a list of
teams from which he has not received reports, as shewn in
Figure 4.5 Offsetting of the display from the left margin
was performed in order to highlight between the computer
printout and the typed queries.
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A benefit of the "PRESS <<ENTER>>" set of statements
is the anility to tegin a display on a fresh screen.
Displays which should appear as one screen occur acre
readily when the pause has finished the previous display to
keep it displayed while the user is reading it. The pause
can te followed by an immediate command in FRTCSS to
•CLRSCEN ', clear the screen. This sequence of commands
leaves a fresh screen for the next screen display. The
first lire that PROJMNG prints out appears as the top line
of a display (see Figure 4. 7)
.
Cueing the user to press «ENTER>> identifies a
pause which has been placed in order to organize screen
displays. The pause in Figure 4.5 enables the display of the
teams 'not found* to te isolated on one display. There can
te up to 21 teams displayed, as for example at the start of
an exercise scenario. Without the pause to segregate the
displays, all 21 teams would not appear on one screen. The
single screen full of one type of data aids in user ability
to study and analyze the data. Splitting the display to a
second view eliminates the first screen's data and taxes the
user's recall to do any comparisons. Isolating the data
onto one screen eliainates these disruptions to the user's
study of the data. This technique of segregating related
information onto a screen has been used throughout this
program.
3- Purging DATAFIIEs
In order to provide a convenient method of purging
files from the completed exercises, a routine was generated
which permits the acnitor to purge all of the existing
files, to conduct normal operation of the program cr to
exit. These options are depicted in the display as shown in
Figure 4.6. The purge option purges only the available 'A'
disk DATAFILE TEAMxx and DATACODE TEAMxx. Should the
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BEGIN RECORDING OF TERMINAL SESSION
* NOIE!: YOU ARE NCN LINKED TO PEOJMNG
ON YOUR 192 DISK, MODE C
* NOTE!: PRESS PFCS TO BREAK THE LINK
PRESS «ENTER>> WHEN YOU ARE READY TO CONTINUE.
****** EXECUTION IS IN PROGRESS.












A ' NCT FOUND.C » NCI FOUND.
c ' NCT FOUND.
c ' NCT FOUND.
c ' NCI FOUND.
c ' NCI FOUND.
c ' NCT FOUND.
c » NCT FCUND.
c 1 NCT FOUND.
c » NCT FOUND.
c ' NCT FOUND.
Figure 4.5 Initial Monitor Display.
PROJMNG EXEC purge function be performed on the PRCJBNG
FORTRAN'S disk the entire exercise scenario would be elimi-
nated. Cnly database files pre-existing on team files or
monitor's files could be reaccessed for PROJMNG. With a new
play of the exercise, it is expected that a new group of
teams will be accessing PROJMNG. No conflict with former
team databases should be experienced once the monitor's and
the PRCJHNG's disks have been purged.
Normal operation initiates PROJMNG FORTRAN execu-
tion. The standard procedure during a game exercise is
designed to respond to this query with an "N". The word
length difference between PURGE and N has been designed to
make inadvertent destruction of the team files more
difficult.
"E" again provides a means of stopping the program.
In this instance, "E" will stop PROJMNG EXEC and return the
computer to running the LINKPRCJ program. The final display
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Of LINKPRCJ, "ANOTHER RON, »Y» OH »N'?", would be the query
following the request to step.
"WAIT FOE EXECUTION 10 BEGIN" became a necessary
printout as the result of long waits for execution to begin
on the NPS IBM-3033. (One monitor reported experiencing a
20 minute delay during very heavy use of the computer
facility, with the "BAIT FOR EXECUTION. . . " label reminding
him that the program was in the queue to be run.)
******H ARNING ******
*****ANSWERING •PURGE' TO THE FOLLOWING QUERY WILI*****
*****PURGE ALL EXISTING STUDENT DATAFILES******
*****QN THE DISK YOU ARE USING.*****
DC YOU WISH TO INITIALIZE ALL TEAM FILES
FCS A NEW EMS EXERCISE?
•PURGE' =PURGE All TEAM DATAFILES
•N«=PROCEED WITH NORMAL OPERATION
• E'=STOP
====>n
WAIT FOR "EXECUTION TO BEGIN".
EXECUTION BEGINS
Figure 4.6 Meritor Session File Purge Option.
These initial queries, printouts and displays by
PROJMNG in the monitor mode of operation should appear to
the reader as very sinilar to those presented to the teams.
It should also be rcticed in Figure 4.7 that the program
does not ask for a team security code input to create the
team's cede. Instead, it has already received the mcnitor*s
security code from PROJMNG EXEC. The monitor's code is
found by PfiCJMNG FORTRAN in DATAINST DISKNUM.
H. EASIC PBOGRAM ROUTINES
The program routines discussed in this section perform
similar processes in both CNP and PROJMNG.
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1- Start of pao JMNG's Run
The stacked data items are read by PRO JUNG as its
first step in the routine for team number input "TEAMIN".
*********** ** ******************************************
TO TERMINATE THE PROGRAM AT ANY POINT,
TYEE "2"=EXIT IN RESPONSE TO ANY "YES/NO" QUERY.
*******************************************************
***CAUTICN***IN RESPONSE TO A QUERY, PRESSING <<ENTER>>
WITHOUT PROVIDING DATA WILL DUMP THE PROGRAM.
*******************************************************
PLEASE ENTER YOUR SECURITY CODE.
Figure 4.7 PROJMNG Initial Displays-
Having received the FL21 flag of TEAM21, and vali-
dated the monitors security code, PROJMNG can proceed. IF
the security code shculd be entered incorrectly, the PRCJMNG
execution is terminated. The monitor receives a warning of
the error, and is asked to reinitiate his startup of the
program. He may either answer 'Y' to "ANOTHER RUN, *
Y
f OR
'N' ?" or reenter "LIMPROJ" after PROJMNG EXEC and IINKPHOJ
EXEC have finished execution.
PROJMNG FORTRAN asks for the team number when a
monitor is running the program. Team selection within the
program is necessarj in order to permit the evaluation of
more than one team. Whereas a team will only enter the
program with one team scenario to perform, the monitor is
able to change teams without reinitiating the program.
Figure 4.8 demonstrates the response given by
PROJMNG when it cannot find files for the team numter
reguested in either options 1 or 2 of the monitor's Main
Menu. The read cue '?• indicates to the operator that an
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input is expected. In the operations demonstrated throughout
this thesis •====>» indicates the user input in response to
the EBCJWNG queries. Figure 4.8 also presents a case in
which tie program does find the requested files and proceeds













Figure 4.8 Team Number Responses.
The queries illustrated in Figure 4.8 complete the
functions of the program routine TEAMIN. The program returns
to the main program text and enters the SELECT routine which
displays the Selection Menu as it did for the teams, Table
XIII. Table XIII functions the same as before except that
the entries are not stored in the team's database file. The
changes are made ocly to the monitor's disk data buffer
arrays. In option 2 of the monitor's main menu, the changes
are also stored on the monitor's copy of the team files in
his file listing. These changes are not applied to the
PROJMNG disk files uiless the monitor specifically sends the
changed files to that disk.
In response to option »0' in Table XIII PRCJMNG
immediately completes the calculation of fee percentages in
the program routine ERCTCK. Successful completion of the
percentage check is followed with the calculation of
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1. ZEW - sets all non-database variables used in the
ccmputa tions tc zero.
2. INPU13 - reads the data tables in files FT17F001,
FT18F001, FT1SF001 and FT20F001
3- PRESET - uses the database values to make initial
adjustments tc the achieved value indices
4. TRADE - evaluates the team's input tradeoffs and uses
them to generate affects which to apply in calcu-
lating the achieved value indices
5. DESEES - degrades the performance factors based on
requests for system test.
6. DESRET - degrades the performance for the effects of
selected engineering values and performs the calcula-
tions for production costs. ( This feature, produc-
tion cost computation, was not used in CNP and has
not teen activated in PROJMNG. )
7. SE - applies resource parameters to the achieved
value calculations.
8. MCD9 - combines the calculation results from the
previous three routines to derive a total cost factor
fcr develcpment.
9. EERON - selectively sets recursive variables to zero
tc enable the program to finish the calculations of
one DP and to reloop to compute the values for
successive DP*s
10. REPORT - completes the calculations after all DP
level computations have been completed.
11- P5CS0M - performs conversion of the achieved values
to the appropriate power of ten for display tc the
user and generates the display, Table XIV.
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2. Sum mar y of Basic Ca ^abi lities
To this point, the tasic capabilities of PRCJMNG
which it has in common with CUP have been discussed. The
improved displays, access and' queries discussed parallel
those features given to the students, with exception of
student access to COST + FACTCBS. In the next section, the
•flexible menu' feature of the monitor's main menu, and the
associated capabilities for sensitivity analysis, for data
displays, and for analysis graphing are described.
I. SENSITIVITY ANALYSIS ROOTINES
1 . Sen sitivity Analysis Basic Menu Options
Figure 4.9 shews again the monitor's menu in mede 1
operation fcr comparison to the expanded menu which is now
described. In order to accomplish the calculation cf a
sensitivity analysis, option 5 from the menu is selected.
In performing this selection, a flag is set 'on' to indicate
the availability of values for use in the other displays of
the expanded menu options.
MAIN MENU:
1. CHANGE TEAM NUMBER
2. THE DP SELECTION QUERY
3. THE INPUT SEIECTION MENU
4. RE5UN THE DATA CALCULATION
5. DO A SENSITIVITY ANALYSIS
6. PRINTOUT COSH-FACTORS
7. EXIT
Figure 4,9 Monitor's Main Menu.
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Selection of number 5 from the menu immediately
accesses the programs routine SNSITIV. This subroutine
provides a selection menu (Table XV), queries parameters and
parameter data for variation in the analysis, edits the
parameter data to remain within DMS scenario limitations,
divides the variable parameter into 10 steps for 11 levels
of evaluation, runs eleven cycles through the achieved
values calculations, displays the table of achieved values
at each level, and stores these values in an array fcr later
use in redisplaying the table and for plotting the computa-
tions.
Following the display of Table XV, the monitor makes
a selection of which EMS data item to analyze. His selection
determines a series cf questions which PRGJMNG displays in
order to resolve the analysis parameter details. Figure 4.10
shows cne of these gueries. In this case the Flight Tests
will be varied. The maximum and minimum values permitted
are displayed with tie gueries for range values. These are
not only cues to the user but also are the limitations which
EROJKNG imposes.
If the selection exceeds the scenario design limits,
PROJMNG will take one of two actions. In the first case,
PROJMNG will reset the value to be within the range
====>14
INPUT THE VALUES TC VARY FLIGHT TESTS BETWEEN.
WHAT IS THE 10WEH VALUE: >10. ?
====>io
WHAT IS THE UPPER VAL0E: <25. ?
====>25
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permitted. If the second case occurs, the user will be
regueried fcr input. This occurs when PfiOJMNG doesn»t under-
stand the limits requested.
2. Sen sitivi t y Analysi s Table
The Sensitivity Table, Table XVI provides a simple
column display of the achieved values computed at each step
of the analysis as a function of the related parameters. The
steps are labeled in the lefthand column. The second column
lists the value of the selected parameter for the step.
Some of the parameters will result in duplicate steps.
PROJMNG divides the range of the parameter values by 10
which can result in a fraction. In creating a step for the
table, the parameter value can be successively rounded to
the same value. PECJMNG is telling the monitor, it has
recognized the parameter as requiring an integer value. It
has provided the closest integer to the value. The duplica-
tion is the occurrence of the closest integer as the same
number od successive occasions. The first occasion PRCJMNG
rounded up to the value and on the second occasion it rounds
down.
The remaining columns, except EI, are self explana-
tory. Tfcey correlate with the achieved values data given in
the table of Development Contract Summary, Table XIV. EI is
explained later in this section.
Cpcn completicn of the table, PEOJMNG displays the
cue of "IHC001A PAUSE ;PRESS «ENTSfi» TO CONTINUE". This
holds the display for review by the monitor and reminds the
monitor of the action to perform after reviewing the table.
3 . Me n u Exp ansi cn
Pressing <<ENTER» causes the program to continue.
The sequential routing of PEOJMNG returns the monitor's IAIN
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MENU display in the main program. Figure 4.11 demonstrates
the flexible menu with the new options. These options are
discussed as we proceed further into PROJMNG.
MAIN MENU:
1. CHANGE TEAM NUMBER
2. TEE DP SELECTION QUE5Y
3. TEE INPUT SELECTION MENU
4. RERUN THE EATA CAICUIATION
5. DC A SENSITIVITY ANAIYSIS
6. PRINTOUT CCST+FACTORS
7. PRINT LAST SENSITIVITY IABLE.
8. PIOT LAST SENSITIVITY ANALYSIS ACHIEVED VALUES.
9. PLOT LAST SENSITIVITY ANALYSIS FEE PERCENTAGES.
10. PLOT WITH SELECTED Y-AXIS SCALES.
11. USE OPTIMUM EI VALUE FROM LAST SENSTIVITY
ANALYSIS ECR DP-3 DATA.
12. EXIT
Figure 4.11 Monitors Main Menu in Mode 1.
Number 7 on the menu returns to the last display of
the Sensitivity Table viewed. PROJMNG* s subroutine SNSITIV
is reentered through a call (entry) at the end of the
subroutine, ENTRY SNSPRT (enter SNSITIV and print the
table). SNSITIV's array of stored values enables PRCJMNG to
reprint the table without any calculations.
4 . Sen sit iv it y analysis Plot ting
The second new feature available through the main
menu is the capability to graph the table results. The
stored values in the array are passed to the PLTSCH subrou-
tine in a data buffer, COMMON ELCTVA. The graph is 20 lines
high and fills the entire screen. Consequently a pause
statement at the bottcm of the graph could not appear on the
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In crder to alleviate this difficulty the pause has
been eliminated. The display appears on one screen with the
addition of a blank line which forces the IBM to hold the
display under the condition of a screen overflow, as indi-
cated by the "MORE" in the screen lower right corner. The
screen can be held only temporarily in this IBM display
mode. If the operatci desires to extend the hold fcr closer
analysis of the graph, pressing <<ENTEE>> will change the
IBM display mode to "HOLDING" which can remain indefinitely.
Once the operator has finished with the "MORE" display mode,
or the "HOLDING" mcde he can continue by clearing the
screen. On the IBM 2278 this is accomplished by pressing
«ALT» and «CLEAR>> simultaneously.
Ihe definition key for characters is displayed on
the graph, as given in Figure 4. 12. A series cf print
statements has been place in PLTSCH to list the key in the
righthand graph margin.
• = DEVELOPMENT COST
T = FLIGHT TEST COMPLETION DATS
B - RELIABILITY
3 = ACCURACY
% = TOTAL FEE PERCENTAGE
$ = TOTAL COST
* = EFFECTIVENESS INDEX
S = Several curves intersect
Figure 4. 12 Plot Character Key Definitions.
The table displayed by "8. PLOT LAST SENSITIVITY
ANALYSIS ACHIEVED VAIUES." divides the screen height of
twenty lines into the largest value which is tc be
displayed. This functions as the ordinate scale for the
graph, Figure 4.13. PLTSCH displays the entire set of data.
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FEE PERCENTAGES." the vertical axis is provided with a
scale of 0-5 per line. The height of the ordinate cecomes
10, which will display the fees up to 10%. The benefit of
this charge in scales is in the presentation of a magnified
view in the y-axis tetween the range of and 10 where the
fee percentages are concentrated. Figure 4.14 demonstrates
the percentage graph.
Graphing can also be scaled by the monitor. Chccsinj
Sensitivity Menu opticn number 10 directs PROJMNG to ask for
the ranges which are to be used for the y-axis. Figure 4.15
demonstrates the interactive exchange between the program
and user to create the desired y-scale. The program accepts
any values for the minimum and maximum values for the axis.
The prograa again divides this range into 20 steps. The step
size beccmes the y-axis scale. If the scale is less than
0.05 per line, PRO JANG resets the scale to 0.05. Figure




1. CHANGE TEAM NUMEER
2. THE DP SELECTION QUERY
3. THE INPUT SELECTION MENU
4. REfUN THE DATA CALCULATION
5. DO A SENSITIVITY ANALYSIS
6. PRINTCUT CCST+ FACTORS
7. PRINT LAST SENSITIVITY TABIilia
8. EICT LAST SENSITIVITY ANALYSIS AC HIE VALUES.
9. PLOT LAST SENSITIVITY ANALi'SIS FEE PERC SNTAGES.
10 . PIOT WITH SELECTED Y-AXIS SCAL ZS.
11 . USE OPTIMUM EI VALUE FECM LAST SE!ystivit
ANALYSIS FOR IP-3 DATA.
12 . EXIT
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5- Eff ect i ven ess Index
Selection 11 on the Sensitivity Menu provides the
monitor with a means of directly copying into the data array
(Selection Wenu) the best sensitivity parameter value :or
the highest EI value. SNSITIV determines the best occurrence
of the highest value of Effectiveness Index. The EI with
the lcwest parameter value is used for cost analysis, accu-
racy analysis, and completion date analysis. For parameters
involving ' reliability 1 , the EI of the highest parameter
value is stored in EICPT. It will not make a change of the
optimum selection stcred in those cases where the minimum
value is zero. It stores the sensitivity parameter's step
number in variable EICPT. When option 11 is selected, the
sensitivity parameter being evaluated has its value changed
to that of the evaluation step which had been saved in
EI0P1. figure 4.17 demonstrates the revised Selection Menu.
6- Flexib le Menu Reset
Shculd the mccitor change the team, the DP level or
the data ir the database the calculations made by SNSITIV
are no longer applicable. PHOJMNG flags the use of the
subroutines which generate these changes. Through the
running cf these subroutines, the flag which expands the
Sensitivity Menu is reset to 'off*. The option to replot
graphs or tables based on the previous set of data is
invalidated.
Selection of the mode 2 option to "FILE TEAM
PROPOSAL" generates the monitor mode flag MR. For mode 2,
MR=2. Ihis flag causes the menu statement to file the
proposal, and flags the program when leaving mode 2 either
at exit or on return to the Monitor's Mode Menu to ask if




The fROJMNG FORTRAN program retains its basic computa-
tions and organi2aticn • in common with the origiral CNP
program. Ihese basic features have been enhanced by improved
user/program interaction, and by the reformulation of the
achieved value fee percentage computation algorithm.
ERCJMNG FORTRAN has an additional benefit over OP in
the extended sensitivity analysis capability it provides to
the monitor. Both the sensitivity tables and graphs enhance
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17. S CM MAR* INC CONCLUSIONS
A. SOHMABY
The DMS exercise provides a time proven means of
educating project managers in the potentials, sensitivities
and incertives of acquisition management. This same capa-
bility is the significance of CNP and of PROJMNG as training
aids in the DMS exercise. The support of project management
training hy computer programs has existed for the past
twenty jears. This thesis has upgraded the available
computer program support for DMS. PHOJMNG provides DMS with
a user-friendly interactive tool to assist in the aguisition
management training process.
B. DBS
DMS has proven to be an effective training exercise. It
provides personnel in the Department of Defense, and
personnel in other system acquisition environments, with
relevant management training.
1 . Ben efi t
The benefit of DMS as a training exercise is in the
requirement it places on students to understand acquisition
management concepts. It provides a sequenced set of events
to develop, produce and deploy a missile The Decision
Point*s serve as planning milestones that the student teams
must prepare for in order to successfully manage their
acquisiticn project. Their understanding of the concepts of




2 . Com put er S upj: cr
t
Turing the twenty years in which DMS has been avail-
able, there has been a revolution in the tools available to
support project management. The ability of computers to
rapidly organize, process and correlate data has changed the
acguisition management environment.
3. CNP
EMS has adapted somewhat to management evolution by
its incorporation and development of CNP.
CNF is an interactive Fortran program which has been
used for the past decade. In its current configuration, it
is difficult to use. Since it is not user friendly.
C. PRCJHHG
In crder for DKS to remain a relevant management
training exercise, it must be kept current in its state-cf-
the-art management concepts, training facility, and computer
support. The Fortran program PROJMNG has been created to
provide DMS a program which is more user-friendly. It is
not just an off-shoot of CNP. It incorporates portions of
CNP bj virtue of utilizing most of the subroutines and algo-
rithms of CNP. PROJMNG improves the Fortran support for EMS
in its refinement of CNP and by expanding the programmed
support for analysis.





data file of input parameters
menus for operation selection
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• expanded sensitivity analysis
• tables and graphs tc study parameter sensitivity
• user-friendly displays
• monitor-team communication interaction
through datafile exchange
2 . Sho rtc omings
PROJMNG has not been completely validated. Its
achieved values have not been tested suificiently to deter-
mine its ability to react in a pseudo-realistic manner to
parameter variations.
Additionally, the programming facilities utilized in
PROJMNG are not as modern as they could be. The PRCJMNG
capability has been hampered by the limitations of the
IBM-3033. Areas in which these limitations have impacted
PROJMNG are discussed in Chapter 6, Recommendations.
3. first Usage
PBCJMNG has undergone a field test. It was used to
support the Winter 1984 course in Project Management,
AS-3501, taught at the Naval Postgraduate School by ledr. J.
Ferris. This field test resulted in the following program
enhancements:
• Ability tc mass purge data files
• Ability cf the monitor to send files to the
EROJMNG disk
• The SMSG autolog feature operates only when
no users are accessed to the PEOJMNG disk
• All displays are formatted for 80 character
wide personal computer (PC) display.
• All exec guery responses are tested for input errors.
• PROJMNG EXEC tests files for format before
replacing the team disk copy. The file used
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for the team database is sequentially the
first one which exhibits the correct format
from either the PROJMNG disk or the team,
and defaults to the file "FILE DATAFIIE".
Curing this field test, the major problem in facilitating
the progran occurred in the autolog procedure. The SMSG
automatic log-on of the PROJMNG disk occurred regardless of
users being on the disk. This situation resulted in files
being read into the disk without proper organization. The
files subjected to this garbling were unusable.
SMSG is now piogrammed to write the team files onto
the PECJKNG disk only when the disk is not accessed by any
user.
4 • Tra nsp or ta b ilit y
The wide usage of DMS in the U. S. and other coun-
tries provided interest in making PROJMNG capable of use on
various computer systems. CMS unique features and IBM
extentions to fortran have been discussed in this thesis to
enable adaptation. In its present form PROJMNG relies
heavily on CMS and its executive language facilities to
manipulate the data files outside of the Fortran program
environment. These facilities require assessment on a case
by case basis in order for PROJMNG to be usable on any
system other than IBM's CMS with the FRTCMS extention.
a. FORTRAN
The program has been compiled both en the
FORTRAN H and FORTEAN GI compilers of the NPS IEM-3033.
PROJMNG is unable to compile in tfATFIV (WATERLOO FCRTEAN)
.
The complication which precludes the WATFIV compilation is
the call to FRTCMS. It is desirable to not remove the F5TCMS
calls. Ihey provide a major enhancement to the program by
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enabling the program to clear the screen, •CIBSCES •• Less
cf this feature would disorganize the PROJMNG displays.
E. ECCOHENTATION
1- CNP
A major problem in working with a program is its
documentation. CNP has several styles of documentation.
There are periodic lines of text to label or explain the
programs operation. These comments were beneficial in
reconstructing seme cf the program operation, but inadequate
in deciptering the program operation.
The best documentation present in CNP were the names
selected for variables. Each of the input variables, a
majority cf the computati cnal variables and the routine
names were carefully selected to provide a relation with
their data definition or with the process they represent.
The variables in most of CNP are acronyms.
2. PRCJMNG
PROJMNG contains additional comments throughout the
program code taken from CNP. Frequent comments have been
added to explain the processes accomplished by groups of
code and routines. All of the terms added to the program by





Appendix H provides a glossary of the terms used in
both CNP and PROJMNG. Compilation of the glossary provides a
documentation method which supplements the benefit obtained
from selecting variables which are acronyms for the content






Terms used in a program without adequate documenta-
tion may interact in unexpected areas of the. program. With
3063 variables in the program, CNP is a maze of connections
between variables. Tracking the details of terms used in CNP
was difficult. The two worst aspects of terms in CNF are
multiple definitions for a term and manipulation of the
variables tc change the value's power-of-ten multiple. For
example, RATIO is used in CNP to determine the percentage of
a fee to be awarded, it is also used as a value of iriilicns
cf dollars paid for fees, and it is used in a resource ratio
calculation. An example of the manipulation of variables is
the array CTC(8) . This array is used in millions cf dollars
and in dcllars.
The disadvantage in using mixed definitions for a
variable is the impact which occurs on calculations which
depend on the variable. If a calculation is based en a
specific multiple of the variable and it has varying values
dependent on which subroutine used it last, the programmer
cannot utilize the variable. He must consider the inability




VI. RECOMMENE ATIONS FOB FOTOEE CONSID ERAT ION
The planning, design and execution of this revision to
CNP have generated the following recommendations.
• Increase the program support to the exercise
• Expand the program to support more Decision Points
in the DMS exercise
• Develop a DHS computer assisted tutorial
• Validate the achieved values
• Change the data tables to formulas
• Increase the sensitivity analysis capabilities
• Improve the graphics resolution
• Change the irenu displays to 'plate* displays
• Develop a program to create project management
exercise scenarios for actual system acquisitions
• Dse PRCJMNG to encompass other CNP program variations
A. IHCREASED EXERCISE SUPPORT
1« discussion
The wide availability of personal computers provides
project managers and students with improved data processing
capability. They new have computation capability availatle
to them instantaneously throughout the acquisition process
for storing and analyzing their own specific acquisition
data. If DMS is to continue to provide project managers
with training at the level now available in the management
environment, it must have software facility equivalent to at
least that of their personal systems. It is feasible to make
the DMS program compatible with PCs. DMS must be supported
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at the state-of-the-art. It must be contemporary in
providing a program which has the degree of computer
facility which the managers experience in day-to-day use and
in actual acquisition planning. As this capability
develops, the program supporting DMS should expand to:
• Support all DMS Decision Point levels
• Interface with student and manager PCs
• Support actual acquisition scenarios
2- Recommen dation
Design new program capabilities to permit DMS adaptation for
broader application to PC's and to change the acquisition
management process.
B. INCLUDE ALL DECISION POINTS
1 . Dis cus si on
Eoth CNP and PROJMNG support the DMS exercise only
for DE-3 and DP-4. Ihe present DMS scenario includes six
Decision Points. All of the DP's require team analysis of
the exercise parameters and submission of Decision Sheets
(see Appendix B). These characteristics are conducive to
incorporation of these DP's into other PROJMNG like
analyses.
Cse of an interactive computer program to support
DP's 1 and 2 would provide an opportunity for each team to
do a better analysis in these early Decision Points, and to
initiate the team database for later use. Inclusion of all
DP's in the program would permit documentation of the entire
team exercise performance in one computer record.
S6

2 • Fec cmm endaticn
A future computer support program for DMS should be
designed tc expand exercise support from the PROJMNG and CNP
capability cf DP 3 and 4 evaluation to all exercise DP*s.
C. DEVE10P A DMS TUTORIAL
1 • Discuss ion
Computer tutorials have become a popular method of
training. The availability cf computer assets for CNP or
PROJMNG indicates the presence of computer hardware to
support a tutorial program. Student interaction with a
computer supported DMS tutorial could be used to introduce
the student to the DBS exercise, to perform sample profclems,
and to give examples.
The one-on-one capability for student reponse tc a
EMS tutorial should le limited to exercise orientation and
familiarization. DP's 2 through 6 provide an opportunity
for a team-work experience. This team interaction should
remain ar integral part of the DMS exercise.
2. Hec omm en da ticn
Incorporate the DMS training scenario into an acqui-
sition management tutorial. The tutorial is seen as
providing:
• scenario presentation to the individual
• review of initial positions







Correlation of achieved values between the
CNP/ERCJMNG programs and the DMS data values has not been
demonstrated. An analysis should be conducted in order to
determine if the algorithms in PROJMNG provide realistic
approximations to the full DMS batch program.
Evidence exists of differences between some CNF and
PROJMNG results. Either program may be at fault. PRCJMNG»s
errors result from its acceptance of the algorithms and
calculations contained in the original CNP program. Ihe
values computed by CNP can not be assumed to be accurate.
Current classroom usage of PROJMNG has been predi-
cated on the assumption that these values indeed perform as
should be expected. This assumption was based on the incor-
poration of the Fortran code for the achieved values calcu-
lation from CNP into FROJMNG.
2 • Reccmmen daticE
A series of evaluations should be conducted to
compare the actual CHS batch outputs and with the perform-
ance of ERCJMNG.
E. BEP1ACE THE DATA TABLES HITH EQUATIONS
1 • Discussion
The tables of values included in CNP/PROJMNG have
limited range in which performance data can be obtained.
Beyond these limits data values are not available for calcu-
lations. In most cases, CNP does not warn the user that he
has performed a calculation which is not a feasible solu-
tion. In most cases, PBOJMNG forces the team to resubmit
data items which are outside the range capabilities
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discussed in the DMS instructions. There are parameters for
which limits are not specified in the DMS handouts, and
which can result in unusual calculations such as achieving a
flight test completicn date of 0.
There are two reasons for redesigning the program
resource value algorithms which are used to calculate
achieved values. First is to provide a continuous function
instead of a step function. The table values read for
calculations in both CNP and PROJMNG do not provide contin-
uous value functions. Second the values have a limited
range. Student selections which are beyond the capability of
the table result in erroneous achieved values, such as the
flight test example above.
The results provided by CMP and PROJMNG, as
discussed in Chapter 1, are not actual results. They repre-
sent approximate results to reflect the real world issue of
contract risk.
The programming of equations to obtain the resource
values will result in the need to validate the achieved
values predictions. Validating the values achieved as a
result of changing the resource allocation algorithm would
be of equal complexity to validating PROJMNG*s current
results. Both validation projects would verify the
program's capability to produce realistic predicted contract
performance values. In the interest of reducing the expen-
diture of effort between these two validations, the effort
would be best applied in one project. To validate PRCJMNG
and later require revalidation for a new algorithm would
obviate the former.
2 . Re c omm en dat ion
First, redesign and implement the equations for
determining resource allocations- Second, validate the
entire new program package of PROJMNG for DMS support.
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F. INCREASE SENSITIVITY ANALYSIS OPTIONS
1 . Pis cus s ion
The options available in the sensitivity analysis
menu do not have as diamati.c an effect in demonstrating the
impact of incentives and other parameters as had been origi-
nally expected- Sensitivity curves showing definite peaks or
valleys in the achieved effectiveness index are not demon-
strated as readily as had been anticipated. The graphic
presentation and sensitivity selection options should be
designed tc provide the user with a clear depiction cf the
effect of ircentive variation. The user should te able to
readily determine from the sensitivity analysis products the
benefits or disadvantages of changing his decision above or
below his current position.
2 • Reccmmendaticn
Determine other analysis options which may have
greater value to the monitors. Conduct a series of analyses
to deteriine if they affect the sensitivity, and to elimi-
nate these options which do not cause an achieved value
fluctuation.
G. IMPROVED GRAPHICS
1 . Discuss i on
Cne area of computer hardware and software develop-
ment which is rapidly changing is graphics. The graph
subroutine in PROJMNG was specifically designed for the
program and has a number of limitations. No other I3M-3033
graphing program was found which provides multiple curve
graphing, selectable scales and the number of variations
which ERCJMNG provides. A (continuous) curve plot is needed
to enhance demonstration cf parameter variations. The
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graphic detail which is needed to improve the display dees
not appear to be within the capability of the IB3-3278
terminals which are currently a widely available computer
peripheral for student use, and which are particularly
available in large quantities at NPS. What is needed is the
ability to control screen display for continuous line plots.
This type of resolution for the graphics on the IBM-3033 is
not within the IEM-3278 terminals capability. Terminals do
exist which provide greater screen control and which can be
programmed to plot continuous lines for the IBM.
Display detail is undergoing evolution. The advan-
tages cf color for highlighting presentations adds a percep-
tible benefit in human ability to comprehend. Color can be
used to add a perception of relative weight of significance
tetween curves and between points on a curve. The use of
characters and figure presentations which exceed the stan-
dard typewriter characters in ASCII presentations increase
the pictorial communication of data. 3oth of these factors
-color graphics and detailed display pixie control- are
receiving widespread attention in interactive computer
systems and should be considered as enhancements for
computer support programs which will be successors to CNP
and PEOJMNG.
A benefit to plotting continuous curves is the
ability to separate points of curve intersection. Another
benefit is the ability of continuous curves to show the
connection tetween points in the same curve. The PROJMNG
plots readily demonstrate the difficulty in presenting the
different curves whose plots have a coinciding point.
In the short term, use of Fortran capable displays
on the Tektronix 6 1 8 or the Ramtek does not appear reason-
able. Several factors degrade the significance of imple-
menting operation on a more complex graphic system. One is
the added processing time and cost for a display. The
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second reason to not consider graphing the program en a
graphics display system is the rapid rate of technical
development currently occurring. Based on the presence of
new IEM eoler graphics terminals at NPS, the facility at the
W- R. Church Computer Center may be expected to provide high
resoluticn color graphics for users in the not to distant
future. In this case the effort to recode the PRCJMNG
program fcr high resolution graphics on the Tektronix or the
Ramtek graphics terminals would be obviated both in compara-
tive cost and in utility.
Another factor which should be considered before
programming DMS support on a graphics unigue system, such as
EISSPIA, is whether the system will allow DMS to remain
transportable. CNP and PROJMNG were designed to be cost-
effective by their potentially wide distribution and usage.
The cemmen availability of the systems on which these two
programs are based permits them to be widely copied. Use of
unigue display systems would reduce the tranportability and
preclude spreading the cost over a wider user population.
2 . Rec omm enda tion
Future computer programs to support DMS should




The Selection Menu display sets a pattern of presen-
tation of data throughout the PROJMNG program. Menu heading
and columns of data labels remain consistent in the monitor
modes of operation, in the student mode of operation and in
the display of data for the report submission tables. With
the capability to produce plate displays, these factors
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could be set into a file to be overlaid onto the screen.
Items in the table are excellent candidates for a plate
information display. The plate display capability would
enable data item value change on the screen without
reprinting the display and without the need to indicate
which item is to be changed. The user will be able to place
the terminal curser on the data item value, change the
values as desired, and submit the entire change as cne
input
.
Not only wculd the plate display simplify data
change and operation, it would also eliminate the need for
four cf the subroutines used in PRQJMNG. The two change
routines, the PAGEIN subroutine and the FINISH subroutines
could be ccmbined into one menu with the Selection Menu
format.
Plate display capability would also be useful for
the Sensitivity Analysis Menu. The format of this display
could be changed intc the same format as the Selection Menu.
Much cf the sensitivity analysis routine could be eliminated
with the saving in lines- of-code which the plate display
represents.
The IBM CMS II version currently being iaplemented
at the Naval Postgraduate School (NPS) contains this capa-
bility. Plate display capability for this program is
expected to be available within the coming academic guarter.
2. Hec cmm en dat icE




I. A SCOABIO GENERATING PROGBAM
1 . Discuss ion
Within the computer simulation environment, concep-
tual level programs have been demonstrated which permit the
user to create his own decision support and analysis scen-
ario. Application of this technology to DMS is envisioned
as providing a program which can simulate any actual acqui-
sition scenario. These ccncept level programs utilize a
hierarchy of menus tc query the user for arrays to establish
the program dimensions- The program then queries the user
for array size, array name, variables names, parameter
ranges for the variables and relative significance (weight)
cf the variables within the parameter. A hierarchy of
menu-driven routines guides the user to create a prcgram
which supports the scenario to be studied. These programs
enable the user to vary input variables in a matrix of
parameters. The user constructs a scenario based on his
concept of the parameters, on his feeling of their
interaction and their relative significance. Based on these
user perceptions such a program creates predictions for the
effects cf the parameter interaction. These predictions are
heavily weighted by user bias to parameter interaction,
usually the program results predict what the user envisioned
because cf the impact of his biases. The main benefit of
scenario creation has proven to be the opportunity for the
user to conduct a detailed management study of the situation
being modelled.
2 • Sec cmmen da t ion
Develop a prcgram whose design would permit project
managers to create program simulations tailored to assess
their specific real-wcrld scenarios.
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J. USE PROJMNG TO ENCOMPASS OTHEfi CNP VARIATIONS
1 . Ciscussi en
The design of PROJMNG around CNP routines with its
own routines performing the features which make it different
from CN? makes it possible for PROJMNG to encompass ether
CNP variations. Any CNP style program which has the same
common buffer of data could utilize PROJMNG's enhancements.
The tuffer of common variables in PROJMNG has been editted
from that contained in CNP. The CN? buffer can be restored
into ERCJMNG, and does permit PROJMNG operation.
The design of PROJMNG routines to support the calcu-
lations obtained in CNP suggest the potential of PRCJMNG as
a set of routines to enhance the user-friendliness of ether
programs. Programs which could generate the same data items
as CNP could be used as a nucleus program whose data would
be used ty PROJMNG routines to conduct sensitivity analysis.
Programs which are candidates for consideration are:
• the main DMS batch game
• the latest ICAF DMS version (SAFE 84)
• the Swedish version called PMG/ZEBRA
2. Rec omm endation
Investigate the use of PROJMNG as is or modified to
be compatible with the latest ICAF DMS version (SAFE 8U) and
the Swedish version called PMG/ZEBRA. Test the concept of
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1. Of the total funds approved by the Secretary of Defense, the following
distribution is made for procurement of the ZEBRA Weapon System:
a. Development Phase
b. Production Phase




2. The Development Contractor selected for ZEBRA System development
is: (enter appropriate contractor number)
a. Midas Missile Corporation (contractor 1)
b. Apex Aerospace, Incorporated (contractor 2) [9]
3. The basic guidance approach selected for the ZEBRA System is:
(enter appropriate approach number)
a. Radar Inertial Guidance (G-l) (approach 1)
b. All-Inertial Guidance (G-2) (approach 2) [1CT
4. The guidance configuration selected for development is:
(enter appropriate configuration number)
a. "A" as primary, "B" as parallel (configuration 1)
b. "A" alone (configuration 2)
c. "B" as primary, "A" as parallel (configuration 3)
d. "B" alone (configuration 4) [11]
5. The development contract to be negotiated contains th~
following features:
a. Funds for the following activities. These funds are
included in the total target development cost:
(1) Maintainability Engineering $ . Million [12-15]
(2) Value Engineering $ . Million [16-19]
(3) Parallel Guidance Development






b. The following minimum technical performance characteristics
(demonstrated at completion of flight tests)
(1) Motor Sub-system Reliability
(2) Airframe Sub-system Reliability
(3) Lai icher/GSE Sub-system Reliability
(4) Fire Control Sub-system Impact Error








c. The following numbers of sub-system Qualification Tests
(1) Motor Sub-system (20-40)
(2) Airframe Sub-system (3-9)
(3) Launcher/GSE Sub-system (2-6)
(4) Fire Control Sub-system (2-4)

























7. The incentive provisions for this development contract (subject
to negotiations) are as follows:
NOTE: If any area is not incentivized, enter the target value
for both the maximum and minimum fee values, enter
for the maximum fee percentage.
a. Development Program Cost:
Maximum Cost (minimum fee value)
Minimum Cost (maximum fee value)
Maximum Fee Percentage
b. Schedule; Completion of Flight Tests:
Latest Week (minimum fee value) Week. No. [10-12J
Earliest Week (maximum fee value) Week No. [13-15]
Maximum Fee Percentage . ?» [16-18]
c. System Reliability:
Maximum Reliability (m_.>i;uum fee value) "o [19-20]
Minimum Reliability (miniiuuai fee value) % [21-22]




d. System Impact Error:
Team Number
DP-3
Maximum Error (poorest accuracy)
(minimum fee value)







a. The desired date for completion of
deployment of lot TEN is:
.
Week No.
















1. The Development Contractor selected for ZEBRA System development
is: (enter appropriate contractor number)
a. Midas Missile Corporation (contractor 1)
b. Apex Aerospace, Incorporated (contractor 2) [1]
2. The basic guidance approach selected for the ZEBRA System is:
(enter appropriate approach number)
a. Radar Inertial Guidance (G-l) (approach 1)
b. All- Inertial Guidance (G-2) (approach 2) [2]
3. The final guidance configuration selected for development and
production is: (enter appropriate configuration number)
a. "A ' configuration (configuration 2)
b. "B"' configuration (configuration 4) [3]
4. The revised development contract contains th*» following
features
:
a. Funds for the foi. living accivities:
(If you do not desire to expend additional funds in these
areas, enter the appropriate amounts expended at DP-3 .
If you do desire to expend additional funds in these
areas, enter the total amounts you now desire .)
(1) Maintainability Engineering $ . Million [4-6]
(2) Value Engineering $ . Million [7-9]






c. The following minimum technical performance characteristics
(demonstrated at completion of fli5ht tests)
(1) Motor Sub-system Reliability
(2) Airframe Gub-system Reliability
(3) Launcher/GSE Sub-system Reliability
(4) Fire Control Sub-system Impact Error







d. The following numbers of sub-system Qualification Tests
(1) Motoi Sub-system (20-40)
(2) Airframe Sub-system (3-9)
(^) Launcher/GSE Sub-system (2-6)
(4) Fire Control Sub-system (2-4)















6. The incentive provisions for this development contract (subject
to negotiations) are as follows:
NOTE: If any area is not incentivized, enter the target value
for both the maximum and minimum fee values, enter
for the maximum fee percentage.
a. Development Program Cost:
Maximum Cost (minimum fee value)
Minimum Cost (maximum fee value)
Maximum Fee Percentage
$_ . Million [1-3]
*_ . Million [4-6]
% [7-9]
b. Schedule; Completion of Flight Tests:
Latest Week (minimum fee value) Week No,






Maximum Reliability (maximum fee value)








d. System Impact Error:
Team Number
DP-4
Maximum Error (poorest accuracy)
(minimum fee value)







a. The Development Contractor is to procure the following
number of lots of long-lead time components in
preparation for Block I production:
b. The earliest Lot TEN deployment date for which fixed
price proposals are desired is:
Week No.
_
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